Introduction
Elevated ozone is a cause of citizen's concern.
Photochemical ozone formation involving its chemical precursors (mainly VOC and NOr) and ozone transport from upwind aged air are the two major anthropogenic sources of ozone in urban and rural areas [Colbeck and Harrision, 1985: Logan, 1989 ; /tkimolo e! ai., 1996]. In the abundance of precursors, elevated photochemical formation and accumulation of ozone are common phenomena, and ozone may reach an episodic concentration level. Ozone pollution may not simply confined to the anthropogenic source region but can spread to large geographical extent due to different scales of transportation of pollution plumes from the source region. Its impact had been reported to reach a regional and even continental scale in Asia, Europe, and North America . The monthly average ozone concentrations showed a major peak in autumn and a trough in summer. Utilizing information on ozone precursor levels, production, and transport of ozone, we proposed that the alternation of prevalent oceanic and continental air masses plus the climatic system associated with the Asian monsoon system were the governing factors for the observed surface ozone variations [Chanet al., 1998a] . In particular, the continental outflow of aged air masses to the South China Sea in the Pacific associated with the winter monsoon was responsible for the transport of anthropogenic air pollutants from the industrial and urban centers of Guangdong Province to Hong Kong. We also pointed out that favorable weather and meteorological conditions in southeast China in autumn were crucial factors for the elevated ozone formation and observed ozone peaks in that season. In this study, we have analyzed the photochemical ozone episodes at various urban, rural, and background environments of Hong Kong with emphasis on assessing the effects of meteorology and air pollutant transport on the occurrence of ozone episodes. Table 1 summarizes the characteristics of the monitoring stations and the periods of ozone measurements used for analysis in this study. The data from HT were such that they represented measurement in 1994, while those from SLW and YL were in 1996. There is a short break from late July to late August 1994 in HT. For the other stations the data represented periodic measurements from 1990 to 1996. We had tried to fully utilize the available data for analysis, but the reader needs to note the discrepancies in the available data set.
Data Sources

Surface ozone and precursors (NO• and CO) data from air quality monitoring stations of the Environmental Protection Department (EPD) of Hong Kong and the
For all EPD stations, the gaseous pollutants were measured by either the U.S. Environmental Protection Agency (EPA) standard or reference methods. Ozone was measured based on UV light absorption principle (Dasibi 1003-RS and TECO 49), and CO was measured by nondispersive infrared analyzer (TECO 48) . NO• was measured by duel-channel chemiluminescent analyzer for the continuous detection of NO and NO2 (TECO 42). The readers are reminded that the NO,_ measurement by chemiluminescent method has potential interference from nitric acid, peroxyacetyl nitrate (PAN) and other atmospheric nitrates. Quality assurance and quality control programs similar to those required by the U.S. EPA were adopted by EPD [EPD, 1994] . In the HKPolyU background station a stricter quality assurance and control requirement was implemented, and a detailed description is available in literature [Wang et al., 1997; Chanet al., 1998a] .
Meteorological data extracted from the daily weather maps and automatic meteorological stations of the Hong Kong Observatory were used for analysis. The locations of these stations are shown in Figure 1 . Table l a summarizes the  characteristics of the monitoring stations and the parameters  used, while Table lb gives the characteristics of the meteorological stations. In particular, the wind speed and direction measured in Waglan Island next to HT station are adopted (Figure 1 ). The data recorded in this station are more representative of the prevailing winds of Hong Kong since the station is far away from any geographical barrier. In addition, daily surfa,•e streamline charts (1000 hPa) supplied by the NASA Global Tropospheric Experiment Project Office were used in the analysis (available at http://wwwgte.larc.nasa.gov). Two streamline charts per days at 0000 and 1200 UTC were generated and plotted upon the regions in the periods of interest. These charts or plots were derived from the National Center for Environmental Prediction global data sets at 2.5 ø resolution. In this study, we are interested in the region with latitude from 0 ø to 45øN and longitude from 95 ø to 145øE.
Methodology
Synoptic meteorological patterns as well as local micrometeorology are used to link together ozone transport and photochemical ozone production for the understanding of Synoptic patterns classified according to pressure patterns and air trajectories with respect to air mass flows were commonly used in ozone study [Hanna and Chang, 1995; Moody et al., 1995; Fast and Berkowitz, 1997] . However, the rough nature of the pressure pattern denoted by daily weather map and the inherited uncertainty of air trajectory have hampered the effectiveness of these approaches for the study of ozone in regions with complex emission settings and transport patterns. In our study, we use surface pressure patterns denoted by daily weather maps, streamline charts, and surface prevalent winds. This approach not only provides a closer look at the synoptic-scale airflow patterns and mesoscale weather phenomena but also utilizes the associated local micrometeorological conditions. The major pressure patterns and their transient features are determined from the daily weather maps. These include centers of anticyclone, cyclone, and tropical storm, the location of the ridge, axis of trough, and front. The surface pressure patterns have shown to be useful in determining the general movements of air masses in the east Asian region [Heywood, 1953; Chin, 1986 Our experiences show that when we solely rely on the surface pressure pattern, we over simplify the synoptic flow patterns due to the ignoring of the smaller-scale processes. This situation is frequent in winter when the transport of continental air masses and pollutants are important. The coexistence of several well-defined surface pressure patterns has shown to be problematic for classification based on daily weather maps alone. This is because it is difficult to determine which pattern has a dominant influence. Similar confusion may also occur in summer when the surface pressure patterns are less intensive and show less persistence due to the weaker strength of the summer monsoon. The To facilitate our comparison on the spatial occurrence of episodes, we also summarize the number of episodes per year recorded in each station in Table 2 . Higher frequencies of ozone episodes were found in the upwind remote districts on the eastern side, and especially in the downwind rural districts on the western and northwestern sides of the territory. This is reflected by the high numbers of episodes in the HT, SLW, and YL stations, which occurred in a single year. In SLW there were 5, 21, and 51 episodes with ozone concentration 
Relations Between Synoptic Meteorology and Ozone Episodes
There were 186, 58, 33, and 6 individual days with at least one station experiencing daily maximum ozone concentrations greater than 60, 80, 100, and 122 ppb level, respectively. We classified the meteorology of ozone episodes into nine main types using information provided by flow patterns deduced from the surface pressure patterns, streamline charts, and prevalent winds. 
Local Transport of Pollutants and Local
Photochemical
Ozone Formation
Local photochemical formation and accumulation of ozone are important causes of ozone episodes in Hong Kong. In most cases this is strengthened by complex transport pattern induced by the local topography. As shown in Table 2 The airflow pattern caused an inflow of pollutants from neighboring cities in Guangdong Province and the PRD cities. As a consequence, there was sharp and simultaneous increase of CO in HT and KC accompanying the change of wind direction at late July 24 and early 25. Also, the diurnal variation pattern of CO and NO2 in these days indicated that there was a gradual accumulation of pollutants in the daytime. CO in KC reached ahnost 10,000 ppb and around 10 times The subsiding motion associated with typhoon is known to be able to bring ozone from the stratosphere or upper troposphere to ground level. The ozone may combine with the ozone photochemically produced in the boundary layer to cause an ozone episode. In our case the rate of ozone increase was substantial, and the time delays of ozone peak were relatively short. These might have implied that there were some contributions of stratospheric or upper tropospheric ozone to the ground level. However, based on the available meteorological and chemical data, we cannot substantiate this hypothesis. This would be subject to further analysis. areas, when combined with the one formed from local sources often leads to territory-wide and extremely high ozone episodes in Hong Kong. The large-scale and mesoscale transport of pollutants and ozone formation processes associated with the winter monsoon and typhoon should imply that the territorial wide ozone pollution observed in Hong Kong should also occur in South China such as in PRD cities. Apart from the consideration of local ozone precursor emission and ozone formation, our analysis shows that the examination of meteorology and trans-boundary ozone and precursor transport are needed to successfully formulate ozone control strategy to be implemented in South China and Hong Kong. In addition, our meteorological and ozone episode diagnosis have demonstrated that the "background" outflow of Asian pollutants can be significantly modified on its way to the Pacific Ocean through the fast growing Pearl River Delta cities such as Hong Kong.
